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@Zy  Impregnating  a  noble  metal  on  the  surface  of  a  refractory  catalyst  support. 
Platinum  or  other  noble  metals  can  be  deposited 

substantially  on  the  surface  only  of  pellets  of  a  refractory 
catalyst  support  by  impregnation  with  an  aqueous  solution 
of  such  as  hexammonium  platinum  tetrasulfite.  The  resulting 
catalysts  contain  relatively  small  total  amounts  of  noble 
metal  positioned  primarily  at  the  surface,  yet  are  as  highly 
active  as  catalysts  uniformly  impregnated  throughout  the 
body  of  the  pellet  and  containing  much  larger  amounts  of 
noble  metal. 



The  i n v e n t i o n   p e r t a i n s   to  s u p p o r t e d   noble  metal  c a t a l y s t s .   I n  

another   a s p e c t ,   the  i n v e n t i o n   p e r t a i n s   to  methods  for  the  p r e p a r a t i o n   o f  

suppor ted   noble  metal  c a t a l y s t s   having  the  noble  metal  i m p r e g n a t e d  

s u b s t a n t i a l l y   at  the  s u r f a c e .   In  a n o t h e r   a s p e c t ,   the  i n v e n t i o n   p e r t a i n s  

to  hydrocarbon   convers ion   p r o c e s s e s   us ing  the  novel  suppor ted   noble  m e t a l  

c a t a l y s t s .  

Background  of  the  I n v e n t i o n  

Noble  metal  c a t a l y s t s   s u p p o r t e d   on  a  v a r i e t y   of  porous  s u p p o r t s  

have  been  used  in  the  many  p r o c e s s e s ,   such  as  h y d r o g e n a t i o n ,  

d e h y d r o g e n a t i o n ,   c y c l i z a t i o n ,   and  v a r i o u s   hydrocarbon  c o n v e r s i o n  

p r o c e s s e s .  
In  g e n e r a l ,   the  suppor t ed   noble   metal   c a t a l y s t s   have  b e e n  

prepared   by  a  v a r i e t y   of  means  such  as  c o p r e c i p i t a t i o n   with  the  s u p p o r t  
such  as  a lumina,   fol lowed  by  washing,   d ry ing ,   c a l c i n i n g .   A l t e r n a t i v e l y ,  

the  suppor t   is  f i r s t   formed  in  any  of  a  v a r i e t y   of  shapes,   and  the  p o r o u s  

suppor t   then  impregnated  with  an  aqueous  s o l u t i o n   of  a  noble  m e t a l  

compound,  such  as  c h l o r o p l a t i n i c   a c id ,   and  the  r e s u l t i n g   composite  d r i e d ,  

and  c a l c i n e d .   Other  methods  of  i m p r e g n a t i o n   have  been  employed,  o t h e r  

than  aqueous  impregna t ion ,   such  as  the  use  of  nonaqueous  media .  

The  ar t   methods  have  p r o v i d e d   h igh ly   e f f e c t i v e   c a t a l y s t s ,  

though  these  c a t a l y s t s   in  genera l   have  been  a  product   in  which  only  a 

p o r t i o n   of  the  c a t a l y s t s ,   tha t   i s ,   the  noble  metal ,   has  been  a v a i l a b l e  

for  ac t ive   duty.  The  ac t ive   p o r t i o n   of  the  noble  metal  normally  is  t h a t  

which  is  on  the  su r f ace .   Noble  metal   which  is  deep  i n s ide   the  suppor t   i s  

s u b s t a n t i a l l y   wasted.  As  costs   of  noble   meta ls   have  i n c r e a s e d ,   so  have  



costs  of  the  c a t a l y s t s .   Needed  are  methods  of  p r o v i d i n g   h igh ly   a c t i v e  

c a t a l y s t s   with  only  f r a c t i o n a l   con ten t s   of  noble  meta l ,   yet  which  w i l l  

e x h i b i t   s u f f i c i e n t   a c t i v i t y .   Most  v i t a l l y   needed  are  suppor t ed   n o b l e  

metal  c a t a l y s t s   in  which  s u b s t a n t i a l l y   a l l   of  the  noble  metal   is  at  t h e  

su r f ace ,   a v a i l a b l e   for  a c t i v e   p a r t i c i p a t i o n   in  the  c a t a l y t i c   p r o c e s s e s ,  
and  not  o t h e r w i s e   be ing   wasted  by  being  bu r i ed   in  the  body  of  t h e  

c a t a l y s t s .  

B r i e f   Summary  of  the  I n v e n t i o n  

We  have  d i s c o v e r e d   novel  noble  metal  c a t a l y s t s   and  a  n o v e l  

method  for  p r e p a r i n g   them  which  comprises   d e p o s i t i n g   a  noble  meta l   on  t h e  

outermost   l aye r   of  c a t a l y s t   support   p e l l e t ,   us ing  aqueous  s o l u t i o n s   of  a 

noble  metal   s u l f i t e   compound. 

For  h y d r o c a r b o n   convers ion   p r o c e s s e s   g e n e r a l l y ,   and  

p a r t i c u l a r l y   for   those   d i f f u s i o n   l i m i t e d   p r o c e s s e s ,   only  the  ou te r   l a y e r  

of  the  c a t a l y s t   is  of  impor tance .   Any  noble  metal   i n s i d e   the  c a t a l y s t  

support   is  s u b s t a n t i a l l y   wasted  and  of  no  b e n e f i t .   By  d e p o s i t i n g   n o b l e  

metal  at  or  near   the  s u r f a c e   of  the  c a t a l y s t   suppor t ,   the  noble   metal   i s  

used  most  e f f i c i e n t l y .   Far  less   expens ive   noble  metal  is  needed  f o r  

c a t a l y s t   p r e p a r a t i o n ,   r e p r e s e n t i n g   a  s i g n i f i c a n t   savings   in  noble   m e t a l  

suppor ted  c a t a l y s t   c o s t s .  

We  have  found  t ha t   a  porous  r e f r a c t o r y   c a t a l y s t   s uppo r t   can  be 

t r e a t e d   by  i m p r e g n a t i o n   with  an  aqueous  s o l u t i o n   of  a  noble  m e t a l  

s u l f i t e .  

For  example,   steam  ac t ive   p l a t i n u m - b a s e d   r e fo rming   c a t a l y s t s  

c a n   be  p r epa red   us ing   an  impregna t ing   s o l u t i o n   of  hexammonium  p l a t i n u m  

t e t r a s u l f i t e   (NH4)6Pt(SO3)4  to  impregnate   the  p r e s e n t l y   p r e f e r r e d  

SnO/ZnAl204  s u p p o r t .   O p t i o n a l l y ,   and  p r e f e r a b l y ,   the  suppor t   p e l l e t s   a r e  

presoaked  in  water   or  l i q u i d s   misc ib le   with  wate r ,   such  as  m e t h a n o l ,  

i s o p r o p a n o l ,   or  e t h y l e n e   g lyco l ,   be fore   i m p r e g n a t i o n ,   p r o v i d i n g   an  even 

th inne r   l aye r   of  h i g h l y   ac t ive   p la t inum  or  o the r   noble  m e t a l .  

D e t a i l e d   D e s c r i p t i o n   of  the  I n v e n t i o n  

We  have  d i s c o v e r e d   novel  suppor ted   noble  metal  c a t a l y s t s ,   and 

novel  methods  for  p r e p a r i n g   supported  noble  metal  c a t a l y s t s ,   as  well   as 

hydrocarbon  c o n v e r s i o n   p roces se s   using  our  c a t a l y s t s .   These  c a t a l y s t s  

comprise  a  noble  metal   at  or  near  the  su r f ace   of  a  suppor t   p e l l e t .   These 

c a t a l y s t s   are  p r e p a r e d   by  impregnat ing   a  porous  suppor t   with  an  aqueous  
s o l u t i o n   of  the  noble  metal  s u l f i t e   compound,  wherein  said  a q u e o u s  



so lu t i on   uses  s a l t s   of  noble  metal  s u l f i t e s   having  the  genera l   fo rmula  

A6M(S03)4  where  A  is  NH4+  or  a  member  of  Group  IA  of  the  P e r i o d i c   Table  

and  is  any  of  l i t h i u m ,   sodium,  po t a s s ium,   rubidium,   or  cesium,  and  M  i s  

any  of  Ru,  Rh,  Pd,  Os,  I r ,   or  Pt.  Mixtures   of  course  can  be  u s e d .  

O p t i o n a l l y ,   the  suppor t s   are  f i r s t   p resoaked   in  water   o r  

l i q u i d s   m i s c i b l e   with  wate r ,   such  as  methanol ,   i s o p r o p a n o l ,   or  e t h y l e n e  

g lycol ,   p r i o r   to  i m p r e g n a t i o n   with  the  noble  metal  s u l f i t e   compound 

s o l u t i o n s .   This  novel  method  p rov ides   novel  c a t a l y s t s   in  which  the  n o b l e  

metal  is  p o s i t i o n e d   as  a  r e l a t i v e l y   th in   l aye r   on,  a t ,   or  very  near  t h e  

surface   of  the  s u p p o r t ,   with  very  l i t t l e   noble  metal  involved   in  t h e  

i n t e r i o r   p o r t i o n s   of  the  suppor t .   Hence,  h igh ly   a c t i ve   noble  m e t a l  

c a t a l y s t s   are  p rov ided   in  which  the  t o t a l   con ten t   of  noble  metal  is  l e s s  

than  tha t   normal ly   h e r e t o f o r e   r e q u i r e d ,   s ince  s u b s t a n t i a l l y   a l l   i s  

a v a i l a b l e   for  a c t i v e   c a t a l y s t   p a r t i c i p a t i o n   in  hydrocarbon  c o n v e r s i o n  

p r o c e s s e s .  
Noble  M e t a l s  

The  p rocess   of  our  i n v e n t i o n ,   and  the  r e s u l t i n g   c a t a l y s t s ,   a r e  

provided  by  any  one  or  more  of  the  noble  metals   of  the  p l a t i num  family  o f  

Group  VIII  of  the  P e r i o d i c   Table  of  the  Elements .   These  noble  m e t a l s  

a p p l i c a b l e   to  our  i n v e n t i o n   inc lude   p l a t i num,   i r i d i u m ,   osmium,  p a l l a d i u m ,  

rhodium,  and  ru then ium,   any  one  of  t h e s e ,   or  any  mixture   t h e r e o f ,  

o p t i o n a l l y   with  a  compound  of  rhenium  such  as  ammonium  p e r r h e n a t e   o r  

p e r r h e n i c   a c i d .  

P r e s e n t l y   p r e f e r r e d   for  e f f e c t i v e n e s s   is  p l a t i num.   P la t inum  by 

far  is  the  most  widely  used  metal  of  t h i s   group  in  c a t a l y t i c   p r o c e s s e s ,  

though  the  o thers   are  a lso   of  known  e f f e c t i v e n e s s   and  the  u s e f u l n e s s  

t he reo f   can  be  improved  in  accordance  with  our  i n v e n t i o n .   In  o u r  

d i s c u s s i o n   h e r e i n a f t e r ,   we  may  f r e q u e n t l y   r e f e r   to  a  p l a t i n u m - c o n t a i n i n g  

c a t a l y s t ,   or  the  use  of  c e r t a i n   p la t inum  s a l t s ,   compounds,  or  s o l u t i o n s .  

However,  i t   is  to  be  under s tood   tha t   our  c a t a l y s t s ,   and  the  method  o f  

p repa r ing   them,  and  the  a p p l i c a b i l i t y   of  the  c a t a l y s t s ,   r e f e r   equa l ly   t o  

the  other   noble  meta ls   of  Group  VIII  as  h e r e i n b e f o r e   d i s c u s s e d ,  

o p t i o n a l l y   with  r h e n i u m .  

S u p p o r t  

Supports   u se fu l   in  the  a p p l i c a t i o n   of  our  i n v e n t i o n   are  any  o f  

the  so l id   porous  high  s u r f a c e   area  suppor t s   of  r e f r a c t o r y   na tu re   known  t o  

the  c a t a l y t i c   a r t s   as  suppor t s   for  noble  metal  c a t a l y s t s .  



Such  suppor t s   can  be  s e l e c t e d   from  among  the  va r ious   a l u m i n a s ,  

t i t a n i a ,   z i r c o n i a ,   magnesia,   t h o r i a ,   chromia,   zinc  t i t a n a t e ,   z i n c  

a luminate ,   SnO/ZnAl2O4,  any  of  these   a lone ,   or  in  a d m i x t u r e .  

P r e s e n t l y   p r e f e r r e d   is  a  suppor t   compris ing  zinc  a l u m i n a t e  

which  may  be  p repa red   by  c a l c i n i n g   mix tures   of  f i n e l y   d iv ided   alumina  and 

zinc  oxide  at  a  s u i t a b l e   t e m p e r a t u r e   as  d i s c l o s e d   in  U.S.  P a t e n t  

3,668,151  (column  1,  l ine   36  to  column  2,  l ine   9).  The  atomic  r a t i o   o f  

Zn:Al  in  s u i t a b l e   zinc  a lumina te   p r e f e r a b l y   w i l l   be  in  the  range  of  a b o u t  

0 .5 -0 .53 ,   p r e f e r a b l y   about  0.50  to  0 . 5 0 5 .  

Our  i n v e n t i o n   a p p l i e s   p r i m a r i l y   to  c a t a l y s t s   of  s u f f i c i e n t  

p a r t i c l e   s ize  tha t   they  do  not  p r e s e n t   e x c e s s i v e   r e s i s t a n c e   to  the  f l o w  

of  l i q u i d s .   Such  p a r t i c l e s   w i l l   range  upward  in  s ize   from  about  1 / 8 "  

p e l l e t s ,   sphe res ,   or  a g g r e g a t e s   of  equal  vo lume .  

T y p i c a l l y   SnO/ZnAl2O4,  a  p r e s e n t l y   p r e f e r r e d   suppor t   for  b u t a n e  

dehydrogena t ion ,   can  be  p repa red   by  combining  the  component  oxides  in  a 

s u i t a b l e   r a t i o   and  c a l c i n i n g   to  produce  zinc  alumina  sp ine l   c o n t a i n i n g  

t in  oxide.  A  s u i t a b l e   Zn0:A1203  r a t i o   is  from  about  0.5  to  0 .53 :1 ;   a 

c o n c e n t r a t i o n   of  about  one  p e r c e n t   t i n   as  the  oxide  in  the  c a l c i n e d  

product  is  p r e f e r r e d .   A l t e r n a t i v e l y ,   zinc  oxide  and  alumina  in  t h e  

a p p r o p r i a t e   r a t i o   can  be  combined  and  c a l c i n e d   to  form  zinc  a l u m i n a t e ;  

and  the  p roduc t   then  impregna ted   with  s u f f i c i e n t   t i n   c h l o r i d e ,   e . g . ,  
stannous  c h l o r i d e ,   to  produce,   a f t e r   drying  and  c a l c i n i n g ,   the  d e s i r e d  

c o m p o s i t i o n s .  

I m p r e g n a t i o n   P r o c e d u r e s  

The  suppor t s   as  d e s c r i b e d   h e r e i n b e f o r e   are  t r e a t e d   in  o u r  

invent ion   with  a  s u l f i t e   compound  of  the  noble  metal  as  d e s c r i b e d  

h e r e i n b e f o r e   using  an  aqueous  s o l u t i o n   t h a t   is  about  0.001  molar  t o  

s a t u r a t e d ,   p r e f e r a b l y   about  0.01  to  0.05  molar.   The  p r e s e n t l y   p r e f e r r e d  

species  for  a v a i l a b i l i t y   and  conven ience   is  (NH4)6Pt(S03)4'   M u l t i p l e  

impregna t ions ,   with  drying  to  remove  s o l v e n t   between  the  steps  can  be  

used  if  the  s o l u b i l i t y   of  the  compound  is  not  la rge   enough.  I m p r e g n a t i o n  

is  conducted  by  t r e a t i n g   the  s e l e c t e d   suppor t   with  the  aqueous  s o l u t i o n  

of  the  p la t inum  s u l f i t e   compound  at  t e m p e r a t u r e s   in  the  range  of  a b o u t  

the  f r eez ing   po in t   to  the  b o i l i n g   po in t   of  the  s o l u t i o n ;   u sua l ly   a 

tempera ture   between  about  10°C  to  50°C  is  s u i t a b l e   and  c o n v e n i e n t .  

Impregnat ion  can  be  e f f e c t e d   at  any  s u i t a b l e   p r e s s u r e ;   g e n e r a l l y  

atmospheric   p r e s s u r e   is  s a t i s f a c t o r y   and  conven ien t .   Time  o f  



impregna t ion   can  range  such  as  1  to  1000  seconds ,   or  l onge r .   U s u a l l y  

about  5  to  100  seconds  is  s u i t a b l e   and  c o n v e n i e n t .   The  method  o f  

i n c i p i e n t   we tnes s ,   wherein  the  c a t a l y s t   p a r t i c l e   imbibes  a  s u f f i c i e n t  

volume  of  l i q u i d   to  ju s t   f i l l   i t s   pores  and  t h e r e a f t e r   the  metal  compound 

is  adsorbed  on  the  skin  of  the  p e l l e t ,   can  be  u s e d .  

Af te r   i m p r e g n a t i o n ,   the  t r e a t e d   c a t a l y s t   is  d r ied   to  remove 

so lven t ,   e .g .   by  warming  to  such  as  about  50°C  to  125°C,  and  f i n a l l y  

heated  at  an  e l e v a t e d   t empera tu re   at  which  the  t r e a t i n g   compound  i s  

decomposed.  A  t e m p e r a t u r e   of  about  200°C  to  600°C  is  s u i t a b l e .   An 

o x i d i z i n g ,   r e d u c i n g ,   or  i n e r t   a tmosphere  can  be  used  for  t h e  

decompos i t ion   s t ep ,   such  as  a i r ,   CO  or  H2,  or  N2.  Subsequent   a d d i t i o n a l  

t r ea tmen t   may  be  r equ i r ed   before   the  c a t a l y s t   is  u s e d .  

For  example,  c a t a l y s t s   t ha t   are  to  be  used  for  h y d r o g e n a t i o n   o r  

h y d r o c r a c k i n g   p r o c e s s e s   are  a d v a n t a g e o u s l y   t r e a t e d   with  such  as  h y d r o g e n ,  

p r e f e r a b l y   at  e l e v a t e d   t e m p e r a t u r e s ,   be fo re   being  p laced   in to   s e r v i c e .  

As  d i s c u s s e d   h e r e i n b e f o r e ,   a  p r e s e n t l y   p r e f e r r e d   p rocedure   i s  

termed  the  i n c i p i e n t   wetness  p r o c e d u r e .   In  t h i s   p rocedure   we  presoak  t h e  

s e l e c t e d   suppo r t   p e l l e t s   in  water ,   p r e f e r a b l y   d e m i n e r a l i z e d ,   or  a  w a t e r  

misc ib le   l i q u i d ,   such  as  methanol ,   i s o p r o p a n o l ,   or  e t h y l e n e   g lyco l ,   f o r  

about  10  minutes   to  100  minutes  or  l onge r ,   at  a  t e m p e r a t u r e   of  about  0°C 

to  100°C.  C o n v e n i e n t l y ,   ambient  t e m p e r a t u r e   is  s u i t a b l e .  

T h e r e a f t e r ,   the  presoaked  moist  suppor t   then  is  t r e a t e d   w i t h  

the  a f o r e s a i d   noble  metal  s u l f i t e   compound  s o l u t i o n   as  h e r e i n b e f o r e  

d e s c r i b e d .  

Impregnated  Supported  Noble  Metal  C a t a l y s t s  

The  term  "noble   meta l "   d e s i g n a t e s   the  m e t a l s   of  the   p l a t i n u m   g r o u p  
plus  r h e n i u m .  

The  impregnated   suppor ted   noble  metal  c a t a l y s t s   can  conta in   any 
s u i t a b l e   and  e f f e c t i v e   range  of  noble  metal  as  may  be  d e s i r e d   f o r  

p a r t i c u l a r   end  purposes   and  c a t a l y s t   a p p l i c a t i o n s .   Broadly ,   we  suggest   a 

range  of  about  0.0001  to  10  or  more,  more  t y p i c a l l y   about  0.1  to  1, 
weight  p e r c e n t   noble  metal .   In  the  opt ion   using  Re,  these   v a l u e s  

i n c l u d i n g  
r ep re sen t   the  t o t a l   noble  metal  /  rhenium,  which  l a t t e r   can  r e p r e s e n t  

up  to  about  ha l f   the  t o t a l .   Of  course ,   the  ac tua l   amount  of  noble  m e t a l ,  
of  the  t o t a l   c a t a l y s t   inc lud ing   suppor t ,   can  vary  c o n s i d e r a b l y ,   depend ing  

upon  the  p a r t i c u l a r   purpose  for  which  the  suppor ted   noble  metal  c a t a l y s t  
is  to  be  employed,  s ince  our  c a t a l y s t s   are  a p p l i c a b l e   to  a  wide  v a r i e t y  
of  h y d r o g e n a t i o n ,   dehyd rogena t i on ,   c y c l i z a t i o n ,   and  a  v a r i e t y   of  o t h e r  



hydrocarbon  convers ion   p r o c e s s e s .   P r e s e n t l y   p r e f e r r e d   is  the  employment 

of  these  c a t a l y s t s   in  such  as  butane  d e h y d r o g e n a t i o n .  

A n a l y s i s  

The  fo l lowing   p rocedure   can  be  employed  to  determine  the  e x t e n t  

of  su r face   presence   of  the  noble  metal  as  opposed  to  presence  of  t h e  

noble  metal  th roughout   the  c a t a l y s t   s u p p o r t .  

The  t h i c k n e s s   of  the  metal  layer   produced  by  the  i m p r e g n a t i o n  

procedure   desc r ibed   is  c o n v e n i e n t l y   de termined  in  c a t a l y s t   p a r t i c l e s  

a f t e r   they  have  been  d r i ed ,   e .g .   for  one  hour  at  120°C,  then  heated  i n  

f lowing  hydrogen  at  600°C  to  reduce  the  metal ,   and  f i n a l l y   c u t t i n g   t h e  

p a r t i c l e   to  observe  a  s e c t i o n   of  the  impregnated  l ayer .   For  p r e c i s e  

d e t e r m i n a t i o n   of  the  t h i c k n e s s   of  the  impregnated  l aye r ,   use  of  a 

microscope  is  g e n e r a l l y   r e q u i r e d ;   t y p i c a l   l ayers   may  be  only  a  f r a c t i o n  

of  a  m i l l i m e t e r .  

Hydrocarbon  Conversion  P r o c e s s e s  

The  noble  metal  suppor ted   c a t a l y s t s   p repared   by  our  method  a r e  

s u i t a b l e   for  use  in  a  wide  v a r i e t y   of  chemical  and  pe t ro leum  p r o c e s s e s  

i n c l u d i n g   h y d r o g e n a t i o n ,   h y d r o c r a c k i n g ,   o x i d a t i o n ,   c y c l i z a t i o n ,  

dehyd rogena t i on ,   i s o m e r i z a t i o n ,   and  the  l i ke .   These  suppor ted   n o b l e  

metal  c a t a l y s t s   p repa red   by  our  i n v e n t i o n   are  p a r t i c u l a r l y   s u i t a b l e   f o r  

the  dehydrogena t ion   of  a l k a n e s ,   p a r t i c u l a r l y   those  alkanes  of  propane  t o  

C10H22,  p r e f e r a b l y   C 4 H 1 0   C5H12,  most  p r e f e r a b l y   butane  to  p r o v i d e  

butenes   and  b u t a d i e n e .  

For  example,  to  dehydrogena te   butane  the  t empera tu re   can  r a n g e  
from  about  480°C  to  650°C;  p r e f e r a b l y   550°C  to  607°C.  S u i t a b l e   p r e s s u r e s  

are  between  about  0  to  300  ps ig ;   p r e f e r a b l y   about  40  to  120  p s i g .  

S u i t a b l e   hydrocarbon  feed  r a t e s   expressed   as  volumes  of  gaseous  feed  p e r  
volume  of  c a t a l y s t ,   per  hour  (GHSV)  are  from  about  100  to  1 0 , 0 0 0 ,  

p r e f e r a b l y   about  500  to  2000.  With  the  p r e f e r r e d   p l a t i n u m / t i n   o x i d e / z i n c  

a lumina te   c a t a l y s t   i t   is  d e s i r a b l e   to  use  a  mixture  of  steam  and 

hydrocarbon  for  f e e d s t o c k .   S u i t a b l e   s t eam:hydroca rbon   mole  r a t i o s   a r e  

about  2  to  30,  p r e f e r a b l y   about  3  to  12. 

Examples  

Examples  fo l lowing   are  in tended   to  f u r t h e r   a s s i s t   one  s k i l l e d  

in  the  art  to  an  u n d e r s t a n d i n g   of  our  i n v e n t i o n .   Examples  g i v e n ,  

r e a c t a n t s ,   c o n d i t i o n s ,   are  in tended   to  be  f u r t h e r   exemplary,  and  n o t  

l i m i t a t i v e   of  the  r ea sonab le   scope  of  our  i n v e n t i o n .  



Example  I 

The  suppor t   employed  in  the  comparat ive   runs  was  a  SnO/ZnAl2O4, 

Zinc  a lumina te   was  p repared   by  combining  French  p rocess   zinc  oxide  and 

flame  hydro lyzed   alumina  in  the  r a t i o   48.23  lb  Zn0/51.21  lb.  A1203. 
After  thorough  mixing,  s u f f i c i e n t   water  was  added  to  form  an  e x t r u d a b l e  

mixture .   Af te r   e x t r u s i o n ,   the  m a t e r i a l   was  dr ied  for  6  hours  at  120°C. 

The  dr ied   e x t r u d a t e   was  ca l c ined   in  air   according   to  the  f o l l o w i n g  

schedule :   heat  to  538°C  in  two  hours ,   hold  at  tha t   t e m p e r a t u r e   for  two 

hours,   i n c r e a s e   the  t e m p e r a t u r e   to  871°C  in  two  hours ,   hold  at  t h a t  

t empera tu re   for  th ree   hours ,   then  cool.  After   d e t e r m i n i n g   the  p o r e  

volume  of  the  c a l c ined   zinc  a lumina te   by  the  method  of  i n c i p i e n t   w e t n e s s ,  

1.90  lb.  SnCl2.2H2O  were  d i s s o l v e d   in  the  volume  of  water   r e p r e s e n t i n g  

i t s   a b s o r p t i o n   c a p a c i t y .   "Absorp t ion   Capaci ty"   is  synonymous  with  " P o r e  

Volume".  The  s o l u t i o n   was  sprayed  onto  the  g ranu les   with  an  a t o m i z e r .  

After   drying  as  above,  the  impregnated  p r e p a r a t i o n   was  hea ted   in  a i r   t o  

593°C  in  two  hours  and  held  at  t ha t   t empera ture   for  two  a d d i t i o n a l   h o u r s .  

Example  I I  

About  5  cc  of  a  0.023  M  aqueous  s o l u t i o n   of  c h l o r o p l a t i n i c   a c i d  

was  poured  onto  0.5  g  of  SnO/ZnAl2O4 1/8  inch  c y l i n d r i c a l   c a t a l y s t  

p e l l e t s .   Af ter   about  one  minute  the  s o l u t i o n   was  poured  off .   The 

p e l l e t s   were  dr ied  one  hour  at  about  120°C.  The  p e l l e t s   were  c a l c i n e d  

one  hour  at  600°C.  The  p e l l e t s   were  heated  to  600°C  in  f lowing  hyd rogen  

for  about  30  minutes  to  v i s u a l i z e   the  p la t inum.   The  p e l l e t s   were  cut  i n  

half   and  p la t inum  was  observed  by  i t s   dark  color   to  be  u n i f o r m l y  

d i s t r i b u t e d   t h roughou t   the  c a t a l y s t   p e l l e t s .  

P r e t r e a t m e n t   of  the  suppor t   p e l l e t s   by  p r e s o a k i n g   in  w a t e r  

p r io r   to  t r e a t m e n t   with  the  c h l o r o p l a t i n i c   acid  gave  the  same  r e s u l t .  

Example  I I I  

Aqueous  s o l u t i o n s   of  (NH4)6Pt(S03)4  were  impregnated   onto  t h e  

SnO/ZnAl204  c a t a l y s t   base  as  desc r ibed   in  Example  II  a b o v e .  



Presoak ing   the  suppor t   p e l l e t s   in  water  p r i o r   to  t r e a t m e n t   w i t h  

the  noble  metal  s u l f i t e   gave  a  t h i n n e r   l ayer   of  p l a t inum  than  w i thou t   t h e  

presoak  ( i n c i p i e n t   we tness )   mode. 

Example  IV 

About  50  cc  of  a  0.023  M  aqueous  s o l u t i o n   of  (NH4)6Pt(S03)4  was 

poured  onto  40  g  of  Sn0/ZnA1204  suppor t   p e l l e t s .   The  c a t a l y s t   was  t h e n  

t r e a t e d   as  in  Example  II  above.  The  p l a t inum  was  found  to  be  in  t h e  

outer  47  pe rcen t   of  the  c a t a l y s t   p e l l e t .   Ana lys i s   showed  t ha t   t h e  

c a t a l y s t   con ta ined   0.25  weight   p e r c e n t   P t .  

The  s o - p r e p a r e d   c a t a l y s t   was  t e s t e d   in  a b i l i t y   to  d e h y d r o g e n a t e  

n-butane  at  1104°F  at  100  ps ig   in  two  twelve  hour  p rocess   cyc l e s .   The 

control   was  a  p r e v i o u s l y   p repared   c a t a l y s t   un i formly   impregnated   w i t h  

plat inum  and  c o n t a i n i n g   0.6  weight  p e r c e n t   p la t inum.   Resu l t s   are  a s  

f o l l o w s :  

The  A c t i v i t y   Index  is  ob ta ined   by  measuring  d e h y d r o g e n a t i o n  

a f t e r   one,  six,   and  11  hours  on  s t ream,   f i t t i n g   an  e m p i r i c a l   curve  to  t h e  

three  data  po in t s   and  e x t r a p o l a t i n g   back  to  time  zero.  The  r e s u l t   i s  

compared  to  a  s t a n d a r d   p l a t i n u m / t i n   o x i d e / z i n c   a lumina te   20-40  mesh 

c a t a l y s t .   One-e igh th   inch  p a r t i c l e s   of  the  i nven t ion   runs  are  i n h e r e n t l y  

less  ac t ive   than  20-40  mesh  p a r t i c l e s   because  of  d i f f u s i o n   l i m i t a t i o n s .  

The  S t a b i l i t y   Index  is  also  r e f e r e n c e d   aga ins t   an  a r b i t r a r y   s t a n d a r d .   I t  

measures  the  dec rease   in  a c t i v i t y   between  that   c a l c u l a t e d   for  time  z e r o  



and  that   observed   a f t e r   11  hours  on  s t ream.  Larger   numbers  i n d i c a t e  

higher  c a t a l y s t   s t a b i l i t y ;   i . e . ,   su r f ace   impregnated   c a t a l y s t   c o n t a i n i n g  

0.25  weight  p e r c e n t   Pt  was  more  s t a b l e   than  the  un i fo rmly   i m p r e g n a t e d  

composit ion  c o n t a i n i n g   0.6  weight  p e r c e n t   P t .  

What  is  s i g n i f i c a n t   is  t ha t   the  c a t a l y s t   of  the  i n v e n t i o n  

prepared  by  skin  impregna t ion   and  c o n t a i n i n g   only  0.25  weight  p e r c e n t   on 

i ts   p e r i p h e r y   was  e q u i v a l e n t   in  a c t i v i t y   to  one  c o n t a i n i n g   0.6  w e i g h t  

percent   p l a t i n u m   as  the  con t ro l   in  which  the  p l a t i num  was  s u b s t a n t i a l l y  

uniformly  d i s t r i b u t e d   th roughou t   the  body  of  the  c a t a l y s t .  



1.  A  p r o c e s s   f o r   p r e p a r i n g   a  s u p p o r t e d   n o b l e   m e t a l   c a t a l y s t  

w h e r e i n   s a i d   n o b l e   m e t a l   i s  c o n c e n t r a t e d   in  t h e   s u r f a c e  

r a n g e   of  s a i d   s u p p o r t ,   c  h  a  r  a  c  t   e  r  i  z  e  d   b  y  

i m p r e g n a t i n g   a  p o r o u s   s u p p o r t   w i t h   an  a q u e o u s   s o l u t i o n   o f  

a  n o b l e   m e t a l   s u l f i t e ,   d r y i n g   a n d   t h e n   h e a t i n g   t h e   t h u s -  

d r i e d   c o m p o s i t e   to   d e c o m p o s e   s a i d   s u l f i t e ,   t h e r e b y   p r o d u c i n g  

s a i d   s u p p o r t e d   n o b l e   m e t a l   c a t a l y s t .  

2.  The  p r o c e s s   of  c l a i m   1  c h a r a c t e r i z e d   in  t h a t   s a i d   s u p p o r t e d  

n o b l e   m e t a l   c a t a l y s t   f u r t h e r   c o n t a i n s   r h e n i u m ;   i n   p a r t i c u l a r  

w h e r e i n   s a i d   r h e n i u m   c o n t e n t   i s   up  to   an  a m o u n t   e q u a l   to   t h e  

a m o u n t   of  r e m a i n i n g   n o b l e   m e t a l   p r e s e n t .  

3.  The  p r o c e s s   of  c l a i m   1  or   2  c h a r a c t e r i z e d   in  t h a t   s a i d   n o b l e  

m e t a l   i s   a t   l e a s t   one   o f  p l a t i n u m ,   i r i d i u m ,   o s m i u m ,   p a l l a -  

d i u m ,   r h o d i u m   or  r u t h e n i u m ;   in   p a r t i c u l a r   w h e r e i n   s a i d   n o b l e  

m e t a l   i s   p l a t i n u m ;   in  p a r t i c u l a r   w h e r e i n   t h e   r e s u l t i n g   c a t a -  

l y s t   c o n t a i n s   f rom  0.1  to   1  w e i g h t   p e r c e n t  o t   t o t a l   n o b l e  
m e t a l .  



4.  The  p r o c e s s   of  any  of  c l a i m s   1  t o   3  c h a r a c t e r i z e d   in  t h a t  

s a i d  n o b l e  m e t a l  s u l f i t e   i s   r e p r e s e n t e d   by  t h e   f o r m u l a   A 6 M ( S 0 3 ) 4  
w h e r e i n   A  is   ammonium  or   a  member   of  G r o u p   IA  of  t h e  

P e r i o d i c   T a b l e ,   and  M  i s   s a i d   n o b l e   m e t a l ;   in  p a r t i c u l a r  

w h e r e i n   s a i d   n o b l e   m e t a l   s u l f i t e   i s   h e x a m m o n i u m   p l a t i n u m  

t e t r a s u l f i t e ;   in  p a r t i c u l a r   w h e r e i n   s a i d   d r y i n g   i s   c o n -  

d u c t e d   a t   a  t e m p e r a t u r e   in  t h e   r a n g e   of   50  to   125°C,   a n d  

s a i d   d e c o m p o s i t i o n   s t e p   i s   c o n d u c t e d   a t   a  t e m p e r a t u r e   o f  

200°C  t o   6 0 0 ° C .  

5.  The  p r o c e s s   of  any  of  c l a i m s   1  to   4  c h a r a c t e r i z e d   in  t h a t  

s a i d   i m p r e g n a t i n g   s t e p   i s   c o n d u c t e d   by  t r e a t i n g   t h e   s a i d  

s u p p o r t   w i t h   an  a q u e o u s   s o l u t i o n   of  t h e   n o b l e   m e t a l   s u l -  

f i t e   a t   t e m p e r a t u r e s   in  t h e   r a n g e   of  10  to   5 0 ° C ,  

f o r   a  t i m e   of  1  to  1000  s e c o n d s ,   and  e m p l y i n g   a  c o n c e n -  

t r a t i o n   of  a q u e o u s   s o l u t i o n   of  n o b l e   m e t a l   s u l f i t e s   s u f f i -  

c i e n t   t o   a c h i e v e   f rom  0.0001  to   10  w e i g h t   p e r c e n t   n o b l e  

m e t a l   in   t h e   r e s u l t i n g   s u p p o r t e d   n o b l e   m e t a l   c a t a l y s t ;   i n  

p a r t i c u l a r   w h e r e i n   s a i d   a q u e o u s   s o l u t i o n   of  n o b l e   m e t a l  

s u l f i t e   c o n t a i n s   f r o m   0 . 0 0 1   m o l a r   t o   s a t u r a t e d   r e l a t i v e  

to  n o b l e   m e t a l   s u l f i t e .  

5.  The  p r o c e s s   of  any  of  c l a i m s   1  t o   5  c h a r a c t e r i z e d   in  t h a t  

s a i d   s u p p o r t   i s   s e l e c t e d   f r o m   t h e   a l u m i n a s ,   t i t a n i a ,   z i r -  

c o n i a ,   m a g n e s i a ,   c h r o m i a ,   t h o r i a ,   z i n c   t i t a n a t e ,   z i n c  

a l u m i n a t e ,   and  S n O / Z n A l 2 0 4 ;   in  p a r t i c u l a r   w h e r e i n   s a i d  

s u p p o r t   i s   a  t i n l o x i d e   c o n t a i n i n g   z i n c   o x i d e   a l u m i n a  

s p i n e l   s u p p o r t .  

7.  The  p r o c e s s   of  any  of   c l a i m s   1  to   6  c h a r a c t e r i z e d   in  t h a t  

s a i d   d e c o m p o s i t i o n   s t e p   i s   c o n d u c t e d   in   an  o x y g e n   c o n t a i -  

n i n g   a t m o s p h e r e   and  t h e   r e s u l t i n g   s u p p o r t e d   n o b l e   m e t a l  

c a t a l y s t   i s   s u b s e q u e n t l y   t r e a t e d   w i t h   h y d r o g e n   at   e l e -  

v a t e d   t e m p e r a t u r e s .  

8.  The  p r o c e s s   of  any  of  c l a i m s   1  to   7  c h a r a c t e r i z e d   in  t h a t  

s a i d   p o r o u s   s u p p o r t   i s   t r e a t e d   by  t h e   i n c i p i e n t   w e t t i n g  

t e c h n i q u e   to  s a t u r a t e   w i t h   w a t e r   t h e   p o r e s   of  s a i d   p o r o u s  



s u p p o r t   p r i o r   to   c o n t a c t   w i t h   s a i d   a q u e o u s   s o l u t i o n   o f  

s a i d   n o b l e   m e t a l   s u l f i t e .  

9.  A  s u p p o r t e d   n o b l e   m e t a l   c a t a l y s t   c o n t a i n i n g   f r o m   0 . 0 0 0 1 t o  

10  w e i g h t   p e r c e n t   n o b l e   m e t a l ,   w h e r e i n   s a i d   n o b l e   m e t a l  

is   s e l e c t e d   f r o m   p l a t i n u m ,   i r i d i u m ,   o s m i u m ,   p a l l a d i u m ,  

r h o d i u m ,   and  r h u t e n i u m ,   and  s a i d   s u p p o r t   i s   s e l e c t e d   f r o m  

a l u m i n a s ,   t i t a n i a ,   z i r c o n i a ,   m a g n e s i a ,   t h o r i a ,   c h r o m i a ,  

z i n c   t i t a n a t e ,   z i n c   a l u m i n a t e ,   and  S n O / Z n A l 2 O 4 ,   c h a r a c -  

t e r i z e d   in   t h a t   s a i d   n o b l e   m e t a l   c o n t e n t   of  s a i d   s u p p o r t e d  

n o b l e   m e t a l   c a t a l y s t   i s   c o n c e n t r a t e d   in  t h e   s u r f a c e   r a n g e  

of  s a i d   s u p p o r t ;   in   p a r t i c u l a r   w h e r e i n   s a i d   c a t a l y s t   i s   a s  

d e f i n e d   in   one   of  c l a i m s   1  to   8 .  

10.  Use  of  t h e   c a t a l y s t   of  one  o f  c l a i m s   1  to   9  f o r   t h e   d e h y -  

d r o g e n a t i o n   o f   b u t a n e ;   in  p a r t i c u l a r   c o m p r i s i n g   c o n t a c t i n g  

s a i d   b u t a n e   w i t h   s a i d   s u p p o r t e d   n o b l e   m e t a l   c a t a l y s t   a t  

t e m p e r a t u r e s   in   t h e   r a n g e   of  480  t o   6 5 0 ° C ,   e m p l o y i n g  

c o n t a c t i n g   p r e s s u r e s   in  t h e   r a n g e   of   0  to   2 . 0 7   MPa  g a u g e ,  

h y d r o c a r b o n   f e e d   r a t e s   of  100  to   10  000  GHSV  g a s e o u s  
f e e d   p e r   v o l u m e   of   c a t a l y s t   p e r   h o u r ,   and  e m p l o y i n g   s t e a m  

in  s a i d   c o n t a c t i n g   a t   a  s t e a m : h y d r o c a r b o n   mole   r a t i o   o f  

a b o u t   2 : 3 0 .  
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